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Device for carrying out a surface treatment of substrates under vacuum 

The present invention relates to a device according to the pre-characterising part of claim 1 . 

Treating the surface of an object or coating this with a thin film with the aim of giving the 
object improved characteristics is a method long known in the art. In addition to using surface 
treatment for purely decorative applications, tools, machine parts and electronic components, 
among other things, are also surface-treated. Such treatments are furthermore used in medical 
and optical contexts. 

The majority of surface treatment processes are performed under vacuum. Examples of such 
processes include so-called PVD, CVD and sputtering, among other things for cleaning 
surfaces. 

The prior art includes a so-called cluster system for the surface treatment of substrates under 
vacuum, which comprises a robot for moving the substrate between a number of process 
chambers, in which each respective surface treatment process is performed. Such a robot must 
serve the system process chambers sequentially, which limits the efficiency of the system. A 
robot of this type may involve advanced electronics and software. In addition, with cluster 
systems there may be difficulty in arranging them so that the time which each substrate spends 
in a vacuum is the same for all substrates. Some cluster systems are only designed to be capable 
of handling one type of substrate, and if the system is to treat other types of substrate a system 
conversion will be required, which may be difficult and costly to undertake. 

The object of the present invention is to provide a device for improved movement of substrates 
between chambers contained in the device. 

This object is achieved by a device of the generic type in that the invention has the 
characterising features according to claim 1. 



In the device according to the invention, moreover, the majority of surface treatment processes 
are performed in parallel, which makes the surface treatment more efficient than in the prior art. 
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Furthermore, the present invention affords an advantage in that the total surface processing time 
spent in the device is equal for all substrates. 

A preferred embodiment of the device according to the invention will be explained in more 
5 detail below with reference to the drawing attached, in which: 

Fig. 1 shows a schematic plan view of a preferred embodiment of the device, and 

Fig. 2 shows a schematic section through the device in Fig. 1 in two positions, the left-hand part 
0 depicting a first position and the right-hand part depicting a second position. 

The device comprises a housing 1 , which has an upper and a lower housing half 6, 7, between 
which a revolver 9 is pivotally mounted. In a preferred embodiment the housing halves 6, 7 
comprise symmetrically distributed, opposing and co-incident recesses 8, preferably of the same 

5 dimensions, which constitute chambers 2-5. Of the chambers 2-5, one constitutes a vacuum 

lock chamber 2 to the remaining chambers 3-5, which constitute process chambers, as illustrated 
in Fig. 1. The device is provided with an external vacuum source, such as a vacuum pump, for 
example, which communicates with the chambers 2-5 through an opening (not shown in the 
drawing) in each chamber, which are designed so that the chambers are in communication with 

0 one another only to a negligible extent. 

It will be seen from Fig. 2 that the housing halves 6, 7 are designed to assume either of two 
positions, in the first of which they are in contact with the revolver 9, which is then prevented 
from turning. In the second position the housing halves are separated from the revolver 9, so 

5 that this is capable of rotating. Acting between the housing halves are hydraulic members 12, 
such as cylinders, for example, which are designed to set the housing halves 6, 7 to the second 
position by means of a hydraulic force, illustrated by an arrow 13. The upper and lower housing 
halves 6, 7 are furthermore designed to return to the first position when the hydraulic force no 
longer acts on the housing halves 6, 7. The upper and lower housing halves 6, 7 are therefore 

0 set to the first position under the action merely of atmospheric pressure, illustrated by an arrow 
14, which means that no external force has to be supplied. 
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In a preferred embodiment the revolver 9 comprises through-recesses 10, arranged so that on 
turning of the revolver 9, illustrated by an arrow 1 1 , to predefined turning positions, the recesses 
10 coincide with the recesses 8. The through recesses 10 are designed according to the 
substrates which are to be surface-treated. 

5 

The revolver 9 is designed to be interchangeable with a revolver having recesses 10 of a 
different design shape for the surface treatment of substrates having different dimensions. 

It can be seen from Fig. 2 that the housing halves 6, 7 are joined to one another by a flexible 
10 sealing member 15, preferably a metal bellows, which is designed to seal internal spaces of the 
housing 1 off from the atmosphere. The vacuum lock chamber 2 is provided with dynamic 
sealing members 16, for example O-rings, which peripherally surround the chamber 2. These 
are compressed when the housing halves 6, 7 are in the first position, thereby sealing the 
vacuum chamber 2 off from the rest of the housing 1 and the revolver 9. This means that the 
1 5 vacuum lock chamber 2 can be opened to the atmosphere and can be evacuated by means of the 
vacuum source, without disturbing the vacuum in other parts of the housing 1. 

Sealing in the process chambers 3-5 is achieved by the force exerted solely by the atmospheric 
pressure when inner spaces of the housing 1 are under vacuum and the housing halves are in the 
20 first position. In an alternative embodiment the sealing is ensured by providing the process 

chambers 3-5 with sealing members 16 of the aforementioned type, which peripherally surround 
the process chambers 3-5 and seal them off from the rest of the housing 1 and the revolver 9. 

In the surface treatment of substrates, which is divided up into a number of surface treatment 
25 processes, a first substrate is therefore placed in a recess 10 in the revolver 9 in the vacuum lock 

chamber 2, following which this is closed and evacuated by means of the vacuum source. 

Thereafter the upper and lower housing halves are separated as described above, following 

which the revolver 9 is turned, which brings the substrate into the process chamber 3. Once the 

housing halves 6, 7 have been brought together a first surface treatment process is performed in 
30 the process chamber 3, such as cleaning of the surface by RF sputtering, pulsed sputtering in a 

gaseous atmosphere or metal ionization, in which the metal ions can be created by arc 

vaporization, for example. 
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The vacuum lock chamber 2 is isolated from other parts of the housing 1 and can be opened and 
evacuated whilst surface treatment process are underway in other chambers 3-5 of the housing 
1. This means that a second substrate can be placed in a recess 10 in the revolver 9 in the 
vacuum lock chamber 2. This is vacuum-pumped whilst the first substrate is undergoing a 
5 surface treatment process in the process chamber 3 . 

Once the surface treatment process in the process chamber 3 has been completed, the housing 
halves 6, 7 are separated a gain, following which the revolver 9 is turned again, placing the 
substrates in succeeding chambers. In the case above, the first substrate inserted reaches 
0 process chamber 4 and the second substrate therefore reaches process chamber 3. After 

bringing the housing halves 6, 7 together, the respective surface treatment process is performed 
in each process chamber. In the process chamber 4 a further surface treatment process is 
performed, such as base-coating the substrate with a metal, a metal alloy or metal ions, for 
example. 

5 

A third substrate is placed in a recess 10 in the vacuum lock chamber 2, following which this is 
vacuum pumped whilst the above-mentioned surface treatment processes are being performed. 
The method above is then repeated again, following which the first substrate inserted is in a 
third process chamber 5, in which a surface treatment process, such as top-coating with an 
0 oxide, for example, again takes place The succeeding substrates therefore reach the next 

chambers in the housing 1 at the same time that the first substrate inserted reaches the process 
chamber 5. 

After a further turning of the revolver 9, therefore, the first substrate inserted into the housing 1 
5 will have undergone the surface treatment process in each of the process chambers 3-5 and 
again reaches the vacuum lock chamber 2. The first substrate inserted is removed and a fifth 
substrate is introduced into the housing 1, which means that there is therefore substrate in all 
chambers 2-5 and that surface treatment processes are being performed in parallel in all process 
chambers 3-5. 

0 

The device is designed to perform most of the different surface treatment processes. For 
example, the substrate can by and large be coated with all metals in the periodic system and 
their alloys. Since the chambers are in communication with one another only to a negligible 
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extent, plasma may be used for this purpose and gases may furthermore be used for coating the 
substrate with nitrides, borides, oxides and carbides. In addition, the device is capable of 
coating substrate with most chemical compounds, alloys and multiple layers of the 
aforementioned materials. 

In the preferred embodiment of the invention the housing halves 6, 7 have opposing and 
coincident recesses 8. The surface treatment sources are arranged in the bottom of these 
recesses 8. The substrates will therefore be situated at the same distance from the surface 
treatment source, which facilitates optimisation of various surface treatment parameters. In 
addition, the recesses 8 in both the upper housing half 6 and the lower housing half 7 can be 
provided with surface treatment sources so that the substrate undergoes a surface treatment 
process from two directions, which obviates any need to rotate the substrate. If surface 
treatment sources are provided in both the upper housing half 6 and the lower housing half 7, 
more efficient use is also made of the source material, since that proportion of the material 
which does not condense on the substrate instead condenses on the opposing surface treatment 
source, so that it can be reused. The person skilled in the art will readily appreciate that in an 
alternative embodiment only one of the housing halves 6; 7 is provided with recesses 8, which 
may be situated either in the upper housing half 6 or the lower housing half 7, so that the 
recesses 10 need not be designed as through-recesses. 

It must be pointed out that the housing 1 is not limited to one vacuum lock chamber and three 
process chambers, as shown in Fig. 1. In an alternative embodiment of the present invention the 
majority of chambers serve as vacuum lock chambers to the other chambers. In addition, the 
housing 1 may be provided with a number of process chambers equal to the number of surface 
treatment processes required, the housing being designed so that, on turning the revolver 9 to a 
predetermined rotational position, the recesses 10 always coincide with recesses 8. In order for 
the revolver 9 to work properly, however, there must be at least two chambers, one for vacuum 
locking and one for the selected surface treatment process. It should also be noted that even 
though Fig 2 depicts an anticlockwise rotation, viewed from above and illustrated by the arrow 
1 1, the revolver 9 is designed to be rotatable both anticlockwise and clockwise, 
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Furthermore, in an alternative embodiment one or more of the chambers communicates with a 
separate, individual vacuum source for a more efficient reduction of the pressure and in order to 
preclude the risk of gas being transferred from one chamber to another. 
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Claims 

Device for carrying out a surface treatment of a substrate under vacuum, which comprises 
a housing (1), which has at least two chambers (2-5) communicating with at least one 
vacuum source, at least one of which chambers is designed to serve as a vacuum lock 
chamber (2) which can be opened to the atmosphere and in which the substrate can be 
introduced and removed for access to the remaining chambers (3-5), characterised in 
that the housing (1) has an upper and a lower housing half (6, 7) peripherally joined by a 
flexible sealing member (15), at least one of the housing halves (6, 7) having at least two 
symmetrically distributed recesses (8), which are intended to constitute at least some of 
the chambers (2-5), together with a revolver (9) pivotally mounted between the housing 
halves (6, 7) and having recesses (10) in which the substrate is intended to be placed, the 
housing halves (6, 7) under the action of a force-generating member being designed to be 
moved from a first position in which the housing halves (6, 7), through tight, sealing 
contact with the revolver (9), prevent rotation thereof, to a second position in which the 
upper and lower housing halves (6, 7) are separated from the revolver (9) in order to 
permit rotation of the latter to predefined positions in which at least one of the recesses 
(10) in the revolver (9) at least partially coincides with one of the chambers (2-5), 
allowing the substrate to be moved between the chambers (2-5). 

Device according to Claim 1, characterised in that from the second position upper and 
lower housing halves (6, 7) are designed to assume the first position when the force- 
generating member no longer acts between the housing halves (6, 7). 

25 3. Device according to either of Claims 1 or 2, characterised in that both upper and lower 
housing halves (6, 7) have opposing and co-incident recesses (8) and that the recesses 
(10) in the revolver (9) are through-recesses. 

4. Device according to any one of Claims 1-3, characterised in that the vacuum lock 
30 chamber (2) is provided peripherally with sealing members (16), designed to seal the 

vacuum lock chamber (2) off from the remainder of the housing (1) and from the revolver 
(9) when the housing halves (6, 7) are in their first position. 
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5. Device according to any one of Claims 1-4, characterised in that at least one of the 
remaining chambers (3-5) is provided peripherally with sealing members (16) designed to 
seal these off from the remainder of the housing (1) and from the revolver (9) when the 
housing halves (6, 7) are in their first position. 

5 

6. Device according to any one of Claims 1-5, characterised in that the chambers (2-5) are 
designed to communicate with one and the same vacuum source. 

7. Device according to any one of Claims 1-5, characterised in that at least one of the 

10 chambers (2-5) is designed to communicate with a vacuum source, which is only designed 

to communicate with the aforesaid chamber. 

8. Device according to any one of Claims 1-7, characterised in that the flexible sealing 
member (15) is a metal bellows. 

15 

9. Device according to any one of Claims 1-8, characterised in that the sealing member 
(16) is an O-ring. 



20 



10. 



Device according to any one of Claims 1-9, characterised in that the force-generating 
member is a hydraulic cylinder (12). 
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